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Abstract. Cholinesterases present homologies with some 
cell adhesion molecules; however, h Is unclear whether 
and how they perform adhesive functions. Here, we 
provide the first direct evidence showing that neurite 
growth in vitro from various neuronal tissues of the chick 
embryo can be modified by some, but not all, anti- 
cholinesterase agents. By quantifying the neuritic G4 
antigen in tectal cell cultures, the effect of anti- 
cholinesterases on neurite growth is directly compared 
with their cholinesterase inhibitory action. BW 2S4C51 
and ethopropazine, inhibiting acetylcholinesterase 
(AChE) and butyryteholincsterase {BChE), respectively,. 
Strongly decrease neurite growth in a dose-dependent 
manner. However, echothiophate which inhibits both 
cholinesterases, does not change ncuritic growth. These 
quantitative data are supplemented by morphological 
observations in retinal explant cultures t»rown or striped 
larnihin carpets, vi2., defascicuJation of neurite bundles 
by BW 284C51 and Bambuterol occurs, indicating that 
these drugs disturb adhesive mechanisms. These data 
strongly suggest that a) cholinesterases can participate in 
resulting axGnal growth, b) both AChE and^BChE can ■ 
perform such a nonsynaptic function, and c) this function 
is not the result of the enzyme activity per se 4 since at 
least one drug was found that inhibits all cholinesterase 
activities but not neurite growth. Thus* a secondary site 
on cholinesterase molecules must be responsible for ad- 
. hesive functions* 

Key words: Acetylcholinesterase - Axon guidance - Bu- 
tyryJcholioesterase - CelJ adhesion molecules - HNK-1 
epitope - Chicken 



Introduction 

At the time when neuroblasts of the avian embryo cease 
to proliferate, the enzyme butyrylchoJinesterase (BChE, 

CorrespQudence to; P.O. Layer, Tecfmische Kochschuk Darmstadt. 
Instiiur fur ZooJogie, Schniuspuhnstrassc 3, W*61G0 Darinstadt. 
Germany 



EC 3.1.1.7) is transiently expressed, before acetylcho- 
linesterase (AChE, EC 3,1.1.8) announces the postal 
tocic suite (see review by Layer 1990; Wiilbold and Layer 
1992). Only thereafter do neurones extend long axons 
(Waken et at. 1990). Although far from being restricted 
to nervous tissues (Drews 1975), AChH is only known 
to split the neurotransmitter ACh at cholinergic syn- 
apses. BChE i$ coded for by a separate gene (Prody 
etai. 1987; Chatonnet and Lockridge 1989); a defined 
function for BChE is not yet known (Silver 1974; Mas- 
soufie and Bon 1981). There is suggestive evidence that 
BChE is implicated in the regulation of the proliferative 
state or" certain embryonic (for a review, see Layer 
1991a) and tumor ccJis (Lapidot-Lifson et al. 1989). 
Moreover, BChE may play a ro3e in regulating the ex- 
pression of AChE (Kocllectal. 1976; Layer et al. 1992). 
Particularly intriguing is the occurrence of BChE in ar- 
eas that shortly thereafter will be invaded by axons dur- 
ing generation (Layer et al. 1988; Layer and Kaulioh 
1991) or regeneration (Haninec and Dubovy !992) of 
peripheral nerves, suggesting that BChE is involved in 
- neurite guidance. ' 

Neurite guidance can be conveyed by a number of 
cell adhesion molecules (C A M3)> including theTgG-like 
GAMs,and the cadherins (Takeichi 1988). In particular, 
fasciculation molecules such as Ll, G4 und TAG-1 (for 
a review, see Rathjen ; 1991) are crucial for the proper 
outgrowth of neurites and for keeping them together 
within organized fiber bundles. However, our knowledge 
about CAMs is incomplete, as more CAM* are still anti- 
cipated, A widespread feature of CAMs is the HNK-1 
sugar epitope (Kruse et al. 1934) that may be functional- 
ly significant (Cole and Schachner 1987). Noticeably, 
AChE from Torpedo (Bon et at. 1987) and BChE from 
chicken serum and brain (Treskatis et al. 1992, unpub- 
lished data) bear the HNK-1 epitope. Moreover, neu- 
rotactin and glutactin arc CAMs from Droxophila and 
share sequence homologies with cholinesterases (De la 
Escalera ct aL 1990; Barthalay etal. 1990; Krcjci ct aJ. 
1991), All these data lead to the question whether cholin- 
esterases can function as CAMs, e.g. by being involved 
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in neurite growth regulation. Can both AChE and BChE 
perform such a, function? If so; is the active center direct- 
ly involved, or are there secondary noncholinergic sites 
on these molecules? 

In this study, we have approached these questions 
by taking advantage of the highly specific action of a 
scries, of anijcho lines terase agents and ' have tested 
whether they can modify neurite outgrowth under in 
vitro conditions. Some of tbese agents are of therapeuti- 
cal use, others have become widely known as nerve 
gases, insecticides* and pesticides (Silver 1974). All of 
chose that have been used in this study are considered 
exclusively to affect cholinesterases, and thus, if effects 
are seen, they must be caused by cholinesterases: For 
detecting quantitative changes of neurite growth, we 
have cultured tcctat cells on microplates; the extent of 
neurite growth has been measured by an enzyme-linked 
immunosorbent assay (manuscript in preparation) for 
the neurite-specific G4 antigen (Rathjen et ai. 1987). To 
evaluate morphological changes of neurites, wc have ap- 
plied the stripe assay (Walter etal. 1987). The results 
show that both types of cholinesterases can play a neu- 
rogenetic nonsynaptic role in regulating neurite growth. 
Some of these results have been presented in preliminary 
form (Layer 1991 b). 



Matcrials and methods 

ChoUnesterase inhibitors 

TetraisopropyipyrOphosphoriiTnide (iso-OMPA; Sigma, Dei$enho- 
fen t Germany), a specific inhibitor of BChE, was prepared as a 
10 mM solution m Hanks 1 medium. BW 284C5J, l.S-bis-f^allyldl- 
rtlClhylamrnqniuTTi phenyl] penlan-3-Onc dibrmmidc (Sigma), 9 spe- 
cific inhibitor of AChE, was prepared as a 50 mM solution in 
Hank*' medium. Bambuterol hydrochloride (TuneJc and Svensson 
19&&), a highly selective, reversible^ noncompetitive inhibitor of 
human scrum BChE (item No 32-\6$-)2 % AB Draco, gift of Dr. 
LA. Svcnsson, Lund* SwedcrO was prepared as 0-1 M solution 
id water. Echothiophate, an irreversible, non-selective cbolinester* 
iS£ inhibitor, was prepared as 10 mM solution in Hanks. AJl Slock 
solutions were stored at 4 fl C. 



. Tectat cell cultures on poly-L-Iysine~coated microdishes 

Tecta. from E5 chicken embryos {While Leghorn) were isolated, 
washed in Hanks* medium, and collected in Fl^-mcdifcm on ice. 
For dissociation, the tecta were cexiTrtfuged for 5 rain at 1000 rpm 
and then treated with lOOug/ml cousin {Worthington, Freehold, 
No- LS 03 0707) for 4 rain at 25° C. The tissues were ccntrifuged 
for 5 mix* ai <O00 rpm, washed once in Hanks, again ccntrifuged 
(as above) and then gently dissociated into single cells (J 0-20 
strokes) with a fire-poJished Pasteur pipette in the presence of 2 ml 
F12 medium plus 60 ul DNasc f50 ug/ml 0J5M tNaCl, Worth- 
ington No. LS 06330). Centrifugation for 10 min at 1000 rpm, a 
wash in Hanks plus 10 yd DNasc, and two further washes without 
DNasc followed. Cells were then suspended in N2-modium (Botlcn- 
sicin and Sato 1979) and plated on poiy-t-lysinc-coatcd microwelh 
(Costai, Cambridge, Mass., Cluster 24 wcils, 3424 Mark II" pre- 
treatment of wells: 500 ul of a 100 ug/ml distilled water solution 
of poly-L^ysLne, type \\ Sigma P-7890, overnight at 37° C; then 
two times washed with Hanks' medium}. C=l! density was adjusted 
to 1.4-1.6x10* cells/well. The final volume/well was 0.S ml. All 



experiments were run in triplicate or quadruplicate: all series wctc 
repeated scvexai-foJd with similar results. The dishes were incu bal- 
ed in Hcracus incubators (27° C, 95% air/5% CQ 2 ). 



Determination of AChE activities in ceil homogenates 

At the indicated stages, the tecuJ cells from individual wells were 
washed several times in phosphate- buffered saline (PBS), and then 
200 ul homogenizmion butter (1 mM NaHCO a > OJ mM MgCl 3 , 
0.2 mM CaClj, 1 mM spermidine, pH S.O) were added; the: cells 
were scratched oiT from the wells and collected. The samples were 
homogenized by a 15-s soniflcstfion step on ice (setting 4, Son) Tier 
B-lZ f Branson Sonic Power Company. D anbury, Conn.)- If not 
otherwise stated, emde homogenates from individual culture dishes 
were used for enzyme, protein, and G4 antigen determinations. 
Enzyme activities were measured according to the Ellrrjan proce- 
dure at 412 nm (EUman et aL 1961). The substrate concentration 
for acetylthioeholinc iodide was 3.5 mM. AChE was determined 
in the presence of 0.1 mM iso-OMPA lo inhibit any BChE activity. 
The protein content was measured with the Lowry method, using 
bovine serum albumin as * standard (Lowry et al. 1951). 



Quantitative determination of neurite growth by an 
J£L/SA assay for the G4 antigen in tissue hornogenazes 

The lest as established earlier (manuscript in preparation), repre- 
sents a double-sandwich system, using an excess amount of mono- 
clonal antibodies (mAb) against G4 as bottom substrate, ensuring 
fixation of the antigen to the plate. A highly purified polyclonal 
G4 rabbit antiserum is used as the primaxy detection antibody, 
which in turn is detected wjeh an HRP -coupled anti-rabbit anti- 
body. The assay is highly sensitive, allowing for the detection of 
minute amounts of G4 antigen in the picoQram range. At the same 
time, this assay is highly dependent on the individual procedures. 
Therefore, it is absolutely essential to run individual calibration 
curves with each cXISA plate. 

Each assay was performed in a new micro titer plate (Nunc, 
96 wells, flat bottom). Each well was incubated with 190 ul anti-G4- 
mAb overnight at 4* C (gift of Dr. F. Rathjen, Hamburg; stock 
of 6mg/m!; via] 12-ME-3-1, MSPBS 1.4.B7: 1 0 sil monoclonal an- 
tibody against G4 dilulcd in 20 ml Nft a C0 9 buffer). Then, each 
well was washed for 10 oiin m PBS/Triton (PBS including O.f % 
Triton X-100) at ronm temperature (RT), 1 b in PBS/Triton/BSA 
(PBS including 0.5% Triton X-100 and 1% BSA, inactivated for 
30 min at 56* Q at 37* C and then twice for 10 min En PBS/Triton 
at RT (225 uJ cach^ = washing protocol 1). Then followed the 
binding of the Q4 antigen. Either 50 ul sample or appropriately 
diluted sample plus 150 uJ PBS/Triton were pipetted into each well 
and incubated for 2 h at RT. La parallel, a calibration curve was 
deter mined for each individual assay (we used dilutions of a highly 
purified 29 u.g/ml G<* slock solution, gift of Dr. F. Rathjen, Ham- 
burg in PBS/Triton). After antigen incubaiion, the supematants 
were removed. Each well was washed fot 10 min id PBS/Triton, 
for 20 min in PBS/Triton/BSA, and three limes for 10 min in PB5J 
Triton (each 225 p]/well; = washing protocol 2). To detect the G4 
antigen, each well was incubated with 1 90 ul Ab2 (20 \d Fab- rabbit* 
antUG4 in 20 ml PBS/Triton; vial 4003, 5 rug/mi) overnight at 4° C. 
A Sexier of washes (protocol 1) was performed, before incubation 
the combination of 10 ul HRP~couplcd mousc-dnti -rabbit IfcG 
(Jackson Immupo Research, West Grove, Pa M Code 21 1-0 3 5-109) 
plus 20 til of 2.9 my Fll mAb dissolved in 20 ml PBS/Tnton (gift 
Dr. Rathjen. Hamburg, stock 1-5-711-3-2-5, SpA-Rl Asc 24.6.B6) 
incubated for 2 h ai RT. The Fll antibody was added here to 
suppress nonspecific binding of HRP-coupled second antibody to 
thcmAb/G4 od the bottom of the wciL Four washes in PBS/Triton 
for 15 min each and 1 wash in citrate buffer fur 10 min were now 
necessary. For the HRP reaction, 8 mg o-phcnylerte-diamine were 
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dissolved in 20 mJ 0.: M citrate buffer, pH 5.i {S^rensenj. to 13 ml 
of thi* solution. 3 nl 30% H 2 0 2 were added; 190 ul were then 
added per well and reacted for 5 mm in the dark at RT. The reac- 
tion was stopped by adding 50 \i} 6W H 2 SO^ The color extinction 
was determined :n an ELISA reader aL 430/570 nm. 

Retina! expiant cultures on laminin siripes 

The culture of rctiual plants on perpendicularly oriented striped 
laminin carpets was performed a$ drscribed (Walter et al. I9S7). 
Briefly, an isolated E6* chicken eye was transferred to a ConA- 
pretreaied cellulose nitrate filEer (Sartorius. Gottingen ; No. 13006- 
50-ACN).The lena and the vitreous body were removed. The retina 
was spread on the filter* with toe ganglion ceil layer facing upwards. 
Retinal stripes of 0,2 mm width were cut wuh a tissue chopper 
(Mcilwain) and then transferred, wiLh the tissue oriented down- 
wards, ontolaminin-coatcd wvcrtlips (for preparation, see below). 
The edges of the retinal stripes were fixed by metal weights. A 
volume of 2 nil F12-based medium <10% fetal calf serum, 2% 
chicken serum, 2 rnM glulamine, 10 units/mi penicillin/streptomy- 
cin plus 0.4% methyJ-celhilosc) was added, and dishes were incu- 
bated at 37° C and 4% CO s . 

For the preparation of Lamtnin stripes on glass coversiips, a 
silicon filtering device provided a set of 40 to 50 ujn-ihiok parallel 
horizontal channels (gift orDr. F. Bonhoeffer/rubingcn). A cover' 
slip was placed on top. The device is injected with a laminin solu- 
tion OOOpeym] PBS, laminin from BY Labs, San Mateo, Ca-, 
. No. 2404. Medac) . and incubated„ for 1 h_ at 37° C m a„moist 
"chamher After washing; the coverslip was gently separated from 
the device. The glass covcrslip wa$ now covered with a series of 
40 to 50 urn thick parallel laminin stripes. 



Results - - — 
Quant it alive changes; following treaimen t 

Dissociated teccal cells from 5-day-old chick embryos 
were plated on poly-i,-ly sine-coated mi cr opiates (24 



wells/dish), allowing large numbers of parallel experi- 
ments. Tectai ceils were cultured in a semm-frcc medi- 
um; thus, all cholinesterase activity present in the system 
was produced by the cells. After 2 days, neurite growth 
was pronounced showing a network of fibers, often con- 
necting islands of aggregated cells (Fig, 1, Controi). In 
order to quantify the action of anticholinesterases on 
neurite outgrowth, the cetluiar material including cells 
and neurites could easily be scratched off from a single 
well. From the homogenate, it wag then po^sibie to deter- 
mine the total protein and the ACh£ activity. 

Using the same homogeaates, we have applied an 
ELISA assay to detect the ncuritc- specific G4 antigen 
that belongs to the family of IgG-like adhesion mole- 
cules (Rathjen et al. 1987). This antigen is predominantly 
distributed on a large number of early forming ne untie 
syacems (Wetkert et al. 1990), including axons extending 
from retinal ganglion ceils and tcctal cells. Since the G4 
antigen is regularly distributed along the neurite shafts, 
determination of the G4 antigen gives a good measure 
of the amount of neuritic material present in Che tissue 
(we are not claiming this Co be precisely proportional 
to the actual neurite lengths, because of the changing 
geometry of neurites during growth > see Dodd et al. 
1988). Our assay- allows -for- Che-detection of minute 
amounts of Gr4-antigen in the picogram range. 

We have applied a series of anticholinesterases thuc 
arc known to bind in a distinct manner selectively to 
either one or both of the choli nest erases (see 'Materials 
and methods J for a list of the anticholinesterases). When 
applying these agents, to "the rriicroplates, pronounced 
effects on the production of the G4 antigen become evi- 
dent with-sorne -of them. The effect of- a wide range 
of drug concentrations on neurite growth and AChE 
activity are shown in Fig. 2 (note the high drug concen- 
trations are on the left), Ethopropazine, which is Jaiowu 




Control Echothiophate Ethopropazi ne 



Fig. i, Neurite growth of S-day-old chicken tcctal cells is changed of G4 anliijen as a measure of neurite growth and the AChE ac:tivi- 

by some but not alt anticholinesterase drugs. Whereas eihopropa- ty expressed in tcctal cells cultured on microplates can be dctcr- 

rt/i* (10 pM) is a potent inhibitor of neurite j>rowih« echothiophate mined simultaneously from homogenaccs (sec Fig. 2). Bar: 50 p 
(50 pM) is not. Tcctal neurites express the G4 antigen. The amount 
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to be a selective competitive inhibitor of BChE (Silver 
1974; our own observations) „ inhibits neurite growth in 
a concentration -dependent manner ac concentrations 
above 1 jiM (Fig. 2, lop; sec abo Fig. 5). Ai the same 
time, this drug leads to a full inhibition of BChE (data 
not shown), and to a decrease in cellular AChE (Fig, 2, 
top) (for the regulation of AChE by BChE activity, sec 
Layer ei al. 1992). Another example of a cholinesterase 
inhibitor that inhibits neurite growth is the water-soluble 
reversible AChE inhibitor BW 284C51 (Fig. 2, bottom). 
At O.t mM, neurite growth is inhibited by less than 20%. 

Noticeably, not al) cholmestcrase inhibitors affect 
oeurite growth. Echothiophate, which is a potent blocker 
for both AChE and BChE activities, does not affect 
neurite growth from 50 aM to 50 nM (Fig, 2, middle; 
AChE is fully inhibited above 1 pM; data for BChE 
are not shown). Iso-OMPA, which is a lipophilic, nearly 
irreversible, competitive BChE inhibitor,... represents a 
second example of an anticholinesterase agent that does 
not inhibit neurits growth (Fig. 2 1 bottom; the slight 
increase of neurite growth by iso-OMPA may be nonspe- 
cific* since it is not dose-dependent). 

The actions of all four drugs on neurite growth are 
plotted as percent fiber growth in Fig. 2 (bottom). Thus, 
_wc„h^-vc„fonnd_rwo_cholineatera!ic inhibitors that inhibit 
-neurite- growth . (ethopropazine and. BW 284C51). and 
two inhibitors (echothiophate and iso-OMPA) that do 
not affect, neurite growth. In particular, echothiophate 
inhibits a]] cholines Icraite activities (including cell -inter* 
~nal)-in-our systems, but has-no-sevcr-e impact on neurite 
outgrowth. " - - ■ ~ 
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Fig. 2. Quantitative chnnges of neurite growth by some, but not 
ail anticholinesterase agents demoustrating the dependence of the 
effects on the cholinesterase molecules, but not quietly on thc;r 
enzyme activity. Top Concentration-dependent inhibition of neurite 
growth by the BChE inhibitor ethopropazinc, as determined in 
hocnogejidte* of tecud calls cultured in N2*mcdiuin for 2 days in 
microplates (drug concentration decreases from te/i to right). Neu- 
rite growth is. measured by an HLLSA assay detecting the ncuritc- 
specific antigen G4(Rnthjen et ai. 1987). AChE activities arc deter- 
mined from, the same tissue samples. Note that above 1 uM, both 
G4 itnd AChE are affected similarly. Middle In cnnlrast, echothio- 
phate blocks alt cholinesterase activity (on)y ACh£ is shown here), 



Morphology of retinal neurite outgrowth; 
anticholinesterases affecting fosciculation of neurites 

In order to evaluate the fasciculaiion of neurite bundles, 
"we have studied "the outgrowtbTof retinal fiber* from 
retinal explants on striped laminin carpets. The stripe 
assay offers a number of advantages over conventional 
cultures: since, all .fibers tend to stay on the applied la- 
minin substrate stripes, the outgrowing neurites form 
nearly parallel bundles (Fig. 3). (n such a system, it is 
easy to measure growth rates of neurites, and to detect 
whether they stick together or defascicuJate, In control 
experiments, neurites extending from the retinal explam 
form' bundles (fascicles composed of hundreds of indi- 
vidual neurites) at a distance of 40-50 \im from each 
other (Figs. 3, 4, Control). Since outgrowing neurites 
from nasal and temporal areas show markedly different 



but docs not inhibit neurite growth. Bouom G4 expression in icclstl 
ce:l cultures in the presence of four diJTercni chulinciierase inhibi- 
ts is plotted as percent, fiber growth compared with untreated 
N2-controls. Note that ethothiophnte. and the BChE inhibitor iso- 
OMPA have qo or only slight effects, whereas BW 284C51 (BW) 
and ethopropazirie decrease neurit growth. Multiple serin orexper- 
irnents gave similar resutu; means of triplicate dishes of one scries 
are plotted 
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Fig, X Anticholinesterases chanac the morphology of retinal ex- 
plain neurites when grown on the liicnmin Mnpc assay (Walter 
ct a I. 19B7J. Stripes ot*E6 retinae cm in a nnso- tempore I orientation 
(explains are visible at the lower rdijc oJ' lbs micrographs) are 
explained on coverslip.s that present 40 to 60 >im wide parallel 
laminin stripes in n perpendicular direction. Specific inhibitors of 
AChE l"6v/ ZHdCSi. 50 uM. and or" BChE (iso-OMPA at 



100 uM, left) *j re ridded; cultures, are shown after 1 day. Neur:tes 
arc visualized by binding of the antibody plus rhodamine-Lso- 
thlocyanate-coupled second antibody. Note that BW 284C5J Icacs 
to shorter and thinner ueurite bundles: isO'OMPA. Slightly in- 
creases uturtic growth with longer and less organized bundles ic:'. 
atso Fig. I). Bar' 150^m 
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Fig. 4. DefajfiricuJaiion of ncuritc bundles during anticholinesterase - 
.treatment as revealed in micrographs af retinal netiritcs in the 
iaminin nhpe assay after 1 day culture. In addition to decreasing 
neurits growth (cf. Fig. 3}, BW 2S4C51 induces defosciculaiioi) of 
bundles (upper righi). Similar d^kscicularioT* is induced by the 
BCh£ inhibkor hambiiLerot (Bam; lowtr right). In the presence 
of iso-OMPA. Dcuritc bundles tend to be thicker and icss organized 
(iowr lefi). Bar: 150 



morphologies (Halfter et al. 1983), we have consistently 
compared neurite outgrowth from temporal regions. 

Anticholinesterase drugs added to the culture media 
distinctively change the morphologies of the outgrowing 
neurite bandies, depending on the specific drug applied. 
Upon application of che AChE inhibitor BW 284C51, 
the neurite bundles tend to be shorter and somewhat 
thinner (Fig. 3, right). Often, particular stretches of the 



fiber bundles dcfasciculate in the presence of BW 
(Fig. 4, upper right). Bambutsrol is a reversible, remark- 
ably selective* potent inhibitor of human J3ChE (Tunek 
and Svensson 1988); it also inhibits chicken BChE (un- 
published). Its action on neurite outgrowth is similar 
to that of the AChE inhibitor BW 284C5K with defasci- 
cuiation being even mors pronounced (Fig. 4, lower 
right). In addition, the growth cone morphology is sever- 
ely changed (not shown). Neurite growth in the presence 
of iso-OMPA is effluent (Fig. 3, left; Fig. 4 ( lower left). 
Fiber bundles are longer than in the control (cf. Fig. 2, 
bottom). Typical ly, disorientation of neurites on the la- 
minin stripes and bridging between neighboring stripes 
is abundant. Corresponding changes have been detected 
in other cellular systems* particuJarly with explants of 
neural tube on iaminin carpets, and in expiant cultures 
of dorsal root ganglia on poly-L-ly sine-coated dishes 
(data not shown). This indicates that the proposed func- 
tion of cholincsterases on neurite outgrowth is not re- 
stricted to retina and tectum, but rather is general. 

Discussion 

The inhibitiorT of neunte growth by~BW 284C51, an 
inhibitor of AChE,. and by ethopropazinc, an inhibitor 
of BChE, strongly indicates that both types of cholines- 
terases can regulate neurite growth. Our extensive stu- 
dies on the regulation _pf cxpressi on p atte rns of bo t h 
•cholines terases during the development of che avian ner- 
vous system have shown that these enzymes are present 
on a wide number of early neurones and their neurites 
(see Introduction); this has prompted us to search for 
neurogenetic functions of cholincstcr&scs. Our present 
results are a first important step to showing that the 
effect of cholinesterases on growth does not depend di- 
rectly on their enzymatic activities, but may reside in 
a. different epitope of the cholinesterase molecule (see 
scheme in Fig. 5)._This notion-is-strongly supported by 
our finding that the cholinesterase inhibition by echo- 
thiophate and iso-OMPA does not inhibit neurite growth 
(iso-OMPA even slightly stimulates growth). Ic is well 
known that different cholinergic ligands and anticholin- 
esterase drugs interact differently with the active site and 
the various peripheral sites on cholinesterase molecules 
(Layer et al. 1976; for a review, see Hucho ct al, 1991). 
Thus, it is likely that those drugs that show effects on 
neurite growth exert their action by primarily interacting 
with such peripheral sites that in turn must then be in- 
volved in the adhesive function of cholinesterases. Re- 
cent observations that cholinergic ligands show effects 
on growing neurites from retinal ganglion cells in vitro 
(Lipton et al. 1988) can be explained accordingly. 

Thus t provided that the neurite- regulating pool of 
cholinesterases is indeed reached and blocked by the 
drugs in our experiments, then the echothiopbate result 
must mean that the activity of the choline- splitting en- 
zyme does not per se induce the neurite changes. If so, 
the predominant neurite-related action must be taken 
by another part of the cholinesterase molecule, such as 
the HNK-1 epitope or sequences that arc homologous 




catalytic anionic 
alias 




Fig, 5. A scheme for the proposed muftifunctionality of a cholines 
terasc protein subunit. The encircled region includes sequence ho- 
mologies with CAMs plus the HNK-1 sugar epitope; this pan 
may be responsible for adhesive functioning. Depending on the 
binding of particular anticholinesterase agents to the central or 
peripheral hinding sites <L-ayer; et al 1 976; for a review, sea Hucho 
ct al. 1991), slcric interaction with this secondary function of cho- 
ItncstcrafiKS may or n\ay not occur. Accordingly, echothaophate 
does not interact whereus BW 1 and ethopropa^ine do inter- 

aci, with this secondary site 



with CAMs (see Introduction and scheme in Fig, 5). Re- 
cent X-ray crystallographic results^have refined our 
views of the structure of choli nest erases {Susstnan et a I, 
1991); such studies may also help to elucidate whether 
occupation of the various bindingTitesTaTi^^opejratively 
influence Che adhesive function (see scheme in Fig, 5). 

By using the sensitive stripe assay t we have shown 
here that some anticholinesterase agents can exert defas- 
dcularing effects on neurite bundles. Since we have ob- 
served distinct morphological changes for each individ- 
ual .antjchojineitcrase agent, it ta u nlikely th at the effects 
can be attributed to nonspecific side effects possibly 
caused by interaction of the agents- with other serine 
hydrolases? Moreover, we have no Indications that cell 
viability was affected under the culture conditions as 
applied in this study, I rus strorfgly indicates that cholin- 
esterases are specifically involved in cell adhesion phe- 
nomena. 

Our measurements on tectal cell cultures have al- 
lowed us to correlate quantitatively the inhibitory action 
of anticholinesterase agents on cholinestera*e activity 
with that on neurite growth. Since not all cholinestemse- 
blocking drugs have been found to inhibit neurite 
growth, it is highly likely that a secondary site on cholin- 
esierases is involved in regulating neurite growth. Fur- 
ther work has now to define the molecular structure 
of the adhesive domains of cholinesterases. 
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